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[57] ABSTRACT

Cutting elements, for example of polycrystalline sin-
tered diamond, the cutting faces of which are set differ-
ently to the cutting direction, are disposed on a rotary
drill bit. One group of cutting elements has its cutting
faces substantially perpendicular to the cutting direc-
tion (straight set cutting elements) while other groups of

“cutting elements are at an acute angle to the cutting

direction (obliquely set cutting elements).

Because of their greater pressure per unit area, the
obliquely set cutting elements penetrate more easily into
plastic formations and can tear these up. The straight set -
cutting elements, which do not develop a great pressure
per unit area, but work over a wider range, can better
pare off the formation prepared by the obliquely set
cutting elements. .

13 Claims, 15 Drawing Figures
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Fig- 5
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Fig. 8
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1
ROTARY DRILL BIT

The invention relates to a rotary drill bit for deep-
well drilling, and in particular to such drill bits having
a head on which are provided radially extending groups
of cutting elements.

During the sinking of deep wells in the surface of the
earth, such drill bits encounter Iayers of rock of differ-
ent hardness and partially plastic formation and are
therefore exposed to varying drilling conditions. It has
been found that known rotary drill bits with cutting
elements, the cutting face of which is set substantially
perpendicular to the cutting direction, do not achieve
the optimum drilling progress under all drilling condi-
tions. Whereas such drill bits produce satisfactory re-
sults in hard sandy layers, in soft plastic rock the cutting
faces of the cutting elements tend to stick as a result of
~ accumulation of the eroded rock and then slide over the
layer of rock without chip formation. This causes rapid
wear of the cutting edges so that the bit becomes blunt
for any rock drilling. In order to achieve a chip forma-
tion nevertheless, the drill bit would have to be driven
carefully with a very great axial feeding power, which
would greatly increase the wear and the necessary
torque. The tendency towards sticking of the cutting
faces would not be eliminated by these means, however.
~ On the other hand, rotary drill bits which are pro-

vided with wedge-shaped cutting elements engaging in
the formation are particularly suitable for soft forma-
tions. As a result of the geometry of the cutting edges,
particularly as a result of cutting faces extending at an
“acute angle to the cutting direction, a plough effect is
‘achieved which permits a better chip formation of the
eroded rock with less axial feeding power and less
torque. The relatively small effective area of the cutting
elements, however, permits only a slight removal of
material. ,

Apart from these two kinds of rotary drill bit, further
rotary drill bits with cutting elements disposed in
groups, are known through DE-OS No. 28 17 986,
DE-OS No. 28 35 660 and U.S. Pat. Ser. No. 3,709,308,
wherein the region of individual groups lying in the
centre differs from the radial direction of the remaining
- regions. This construction is connected with the distri-

., bution and guiding of the flushing liquid emerging from

openings in the bit and is intended to ensure as uniform
~a supply as possible of flushing liquid to all cutting
elements. Furthermore, it is known through the U.S.
Pat. Ser. No. 3,709,308 already mentioned to provide
“branches of the water paths in the marginal region of
bits of large diameter, so that here further component
groups with cutting elements which then likewise devi-
ate from the radial direction, can be supplied with flush-
ing liquid. |

Since the groups of cutting elements deviating from
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The present invention is a rotary drill bit comprising
a threaded pin for a connection to a drilling string or the
like rotary drive, and a head provided with groups of
cutting elements, each of which comprises a plane cut-
ting face, which groups extend radially from the mar-
ginal region of the head into its central region, and in
which at least two groups of cutting elements differ
with regard to the setting angle of the cutting faces to
the direction of cut such that the cutting faces of
straight set cutting elements in one group have a com-
ponent lying substantially at right angles to the direc-
tion of cut while the cutting faces of obliquely set cut-

ting elements in the other group have a component
lying at an acute angle to the direction of cut.

During the drilling operation, there is a functional
cooperation between the two kinds of cutting element
with cutting faces substantially perpendicular to the
cutting direction and the cutting faces set at an acute
angle to the cutting direction. The cutting elements
with cutting faces at an angle to the cutting direction,

-hereinafter called “obliquely set cutting elements”, act

on the formation in a narrow region and therefore de-
velop a relatively high pressure per unit area. As a result
of this high pressure per unit area, the cutting edges can
penetrate into the formation without this giving way
under the cutting edges and flanks. The formation is
therefore torn up and can be pared off in a broad region
by the following cutting elements with a perpendicular
component of the cutting face to the cutting direction,
hereinafter called *“straight set cutting elements”. The
flowing off of the drillings produced in the course of
this is effected through the flushing stream directed

towards the marginal region of the bit.
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the radial direction only occupy a component region of

the surface of the bit and in addition are only aligned
from the point of view of an effective distribution of the
flushing liquid, a similar drilling behaviour is to be ex-
pected as with rotary drill bits with plane cutting ele-
ments standing perpendicular to the direction of rota-
tion. o

It is an object of the present invention to provide an
improved rotary drill bit so that a greater drilling
progress is achieved even when sinking a shaft through

soft rock formations.
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Summing up, therefore, the purpose of the obliquely
set cutting elements is to prepare the formation for the
paring-off operation, while the straight set cutting ele-
ments pare off the formation in a broad region.

The cooperation of the straight set and obliquely set
cutting elements is not restricted to a precisely deter-
mined setting angle but is afforded over a certain range
of angles. Thus for the straight set cutting elements, for
example, an angle a to the cutting direction between 80
and 90 degrees still has practically no influence on the
cutting width. A smaller angle than 90 degrees can be
an advantage for the flowing off of the drillings because
these have a directional tendency facing towards the
marginal region when rolling on the cutting face. So far
as the obliquely set cutting elements are concerned,
penetration into the formation is facilitated with a very
small angle B, v, 8', 7' between cutting direction and
cutting face. On the other hand, the ploughed-up fur-
row should already be so broad that a considerable
portion of the drillings to be pared off by the following
cutting elements is cut into. An angle 8, 8’ in the region
of about 45 degrees can here be regarded as a compro-
mise.

With particularly plastic formations, a plurality of
cutting elements may also be provided in which the
angle v, v’ enclosed between the cutting face and the
cutting direction is considerably smaller than 45 degrees
and the cutting regions of which lie immediately next to
one another. The following straight set cutting elements
then impinge on a plurality of furrows. The angles be-
tween the cutting face and the cutting direction can also
be staggered in size (y, 8), so that the formation is forn
by the first cutting elements, the furrows formed are
widened by the second cutting elements and finally the
formation is removed with a cutting action by the fol-
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lowing straight set cutting elements. In the interests of
an optimum cooperation of the cutting elements, the
regions of the obliquely set and straight set cutting
elements should overlap.

In principle, the obliquely set cutting elements can be
aligned both with heir cutting face facing towards the
marginal region of the head and towards the central
region. Of these two possibilities, however, only the
cutting elements aligned with their cutting face towards
the marginal region of the head contribute to an im-
provement in the flowing off of drillings.

In the case of drill bits with a curved surface,
obliquely set cutting elements in the region of conical or
cylindrical surface segments of the bit head have an
influence on the penetration behaviour of the bit in the
formation.

Cutting elements, the cutting faces of which are ori-
entated towards the marginal region of the head, rein-
force the penetration of the bit while cutting elements
with cutting faces orientated towards the central region
of the head counteract the penetration. The behaviour
of the bit can be neutralized by cutting elements with
cutting faces orientated to both sides.

A bit which penetrates independently into the forma-
tion can save drill stems or be an advantage when dril-
ling horizontally. In order to reinforce the cutting
work, facilitate the flowing off of drillings and cool the
cutting elements, nozzles are disposed on the driil bit.
The alignment of these nozzles is coordinated with the
setting of the cutting faces of the cutting elements and

the nozzles allocated to the straight set cutting elements
preferably have a radial directional component while
the nozzles allocated to the obliquely set cutting ele-

ments have a more tangential directional component.

Embodiments of the present invention will now be
described, by way of example, with reference to the
accompanying drawings, in which:

FIG. 1 shows a perspective view of a rotary drill bit.

which is equipped with obliquely set and straight set
cutting elements;

FIG. 2 shows in detail a portion of the bit head with
obliquely set cutting faces orientated towards the mar-
ginal region;

FIG. 3 shows in detail another portion of the bit head
with obliquely set cutting faces orientated towards the
central region;

FIG. 4 shows a plan view, transferred into the plane,
of a group of cutting elements with straight set cutting
faces and a further group of cutting elements with
obliquely set cutting faces set towards the marginal
region;

FIG. 5 shows a plan view, transferred into the plane,
of a group of cutting elements with straight set cutting
faces and a further group of cutting elements with cut-
ting faces obliquely set towards the central region;

FIG. 6 shows a combination of the configurations
illustrated in FIGS. 4 and §;

FIG. 7 shows a plan view, transferred into the plane,
of a group of cutting elements with straight set cutting
faces and a group of cutting elements with obliquely set
cutting faces, two cutting elements with obliquely set
cutting faces being allocated to the cutting width of
each of the cutting elements with straight set faces;

FIG. 8 shows a plan view, transferred into the plane,
of a group of cutting elements with straight set cutting
faces, a group of cutting elements with obliquely set
cutting faces at an angle of about 45 degrees and a fur-
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4

ther group of cutting elements with cutting faces set
very obliquely at an angle of about 20 degrees; and

FIGS. 9-15 show further arrangements of cutting
elements.

In FIG. 1, a rotary drill bit is illustrated which com-
prises a connection member 1, a threaded pin 2 for a
connection to a drilling string and a head with cutting
edges 3, 4. The cutting edges 3 and 4 contain cutting
elements S and 6 combined projecting in strip-shaped
groups and extend in a wall-like raised portion radially
from the marginal region of the bit to the center. In the
marginal region, this raised portion is continued over a
short axial distance and equipped with a hard covering
7 which is impregnated or provided on the surface with
abrasion-resistant pieces. Disposed in the valleys be-
tween the raised portions, in front of the cutting ele-
ments in each case are nozzles 8, 9 which are intended
to direct the flushing stream and are in communication
with an internal bore at the inlet side. The outlet cones
of the nozzles are so dimensioned that all the cutting
elements are adequately supplied with flushing. The
nozzles 8 are so aligned that they impress a direction
tangential to the drill bit towards the cutting elements S
on the flushing stream. The nozzles 9 on the other hand
impress a radial component towards the marginal re-
gion of the bit on the flushing stream as a result of their
alignment.

The cutting elements 5 and 6 consist of small thin
plates of polycrystalline sintered diamond which are
circular in plan view and are secured to hard metal
supporting members. These in turn are embedded 1n a

matrix binding-agent composition. The cutting faces of
the cutting elements 5 are substantially at right angles to
the cutting direction, while the cutting faces of the

cutting elements 6 are at an angle of about 45 degrees to
the cutting direction. The component of the cutting
faces associated with these angles extends tangentially
to the local surface segment.

FIGS. 2 and 3 show, as detail sketches, the two aiter-
natives in the alignment of the cutting faces of obliquely
set cutting elements. In FIG. 2, the cutting faces face
towards the marginal region of the head while in FIG.
3 they are orientated towards the central region.

The cooperation of the straight set and obliquely set
cutting elements is illustrated in FIG. 4 which shows a
plan view, transferred into the plane, of a cooperating
pair of cutting edges. This consists of the cutting edge 3
carrying the cutting elements with obliquely set cutting
faces 12 and the cutting edge 4 carrying cutting ele-
ments 6 with straight set cutting faces 13.

The reference numerals 18 and 19 distinguish the
cutting plates set obliquely at the angle 8 and the bev-
elled supporting members, while the reference numerals
16 and 17 designate the cutting plates disposed at the
angle a to the cutting direction and so set straight and
their supporting members. The cutting faces of the
obliquely set cutting elements are designated by 12,
while the cutting faces of the straight set cutting ele-
ments are designated by 13. The cutting lines 10 and 11,
which distinguish the position of the deepest penetra-
tion of the cutting elements in the formation, show that
the cutting elements are staggered. The flushing flow
impressed by the nozzles, not shown, is illustrated by
arrows 14 and 15. The flushing stream runs at first in the
opposite direction to the direction of rotation of the bit
through the gaps in the obliquely set cutting elements 5
and changes its direction to the outside along the
straight set cutting elements 6. The drillings pared off
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‘are indicated in the drawing along the path described
from the cutting elements. Whereas the formation is
-only broken up by the obllquely set cutting elements,
the further paring off is effected by the straight set
cutting elements.

The arrangement of FIG. 5 differs from that of FIG.

% by the different orientation of the cutting plaies 18 of
the obliquely set cutting elements 5. The cutting faces
face towards the central region of the head. As distinct
irom FIG. 4, the angle between the cutting faces 12 and
the cuiting direction is designated by £’, but as regards
amount has the same value as 8.

A combination of the two embodiments in FIGS. 4, 5
“1s iljustrated in FIG. 6. In the case of the obliquely set
cutting elements 5§, the orientation of their cutting faces
alternates from one cutting edge to the next. As a result,
the penetratmn behaviour of a bit thus equipped in the
formation 1s neutral.

In the further figures, the lllustratlon of the obliquely
set cutting elements is restricted to the version with the
cutting faces facing towards the marginal region of the
head; it is also possible, however, in the following exam-
ples, to realize the other alternative or a combination of
both.

FIG. 7 shows obliquely set cutting elements 20 which 2
are set on a cutting edge 24 at a very acute angle to the
cutting direction. As distinct from FIG. 4, here the
reference numerals 21 are used for the cutting plates, 22
for the supporting members and 23 for the cutting faces.
‘This embodiment is particularly advantageous when a
shaft has to be sunk through very plastic material and an
adequate pressure per unit area cannot be exerted on the
formation by cutting elements set less obliquely—ifor
example 5 from FIG. 4. Because of the smaller cutting
width of the individual cutting elements, here a larger
number is aligned side by side so that the following
cutting elements 6 again find a sufficiently wide pre-
pared surface in front of them for the removal with a
cutting action. If it is difficult to arrange the obliquely
set cutting elements side by side for reasons of space,
they may also be staggered in arc measure.

In FIG. 8—in which cutting elements 20 with cutting
faces 23 set at a very acute angle are likewise used—the
necessary width of the cuiting region for the cutting
elements 6 with a straight cutting face ts achieved as a
result of the fact that the cutting width left behind by
the cutting elements 20 is widened by cutting elements
5 with cutting faces 12 set less obliquely.

FIGS. 9, 10, 11 show a combined arrangement of the
different cutting elements 5, 6 on each cutting edge 25,
26, 27. With the arrangement of the cutting elements in
FIGS. 9 and 11, the formation is torn up by the cutting
elements 5 with obliquely set cutting faces and pared off
by the cuiting elements with a straight cutting face
disposed on the cutting edge situated behind in the
direction of rotation.

In the version shown in FIG. 10, the tearing up and
paring off of the formation 1s effected by the same cut-
ting edge 26 because this already comprises the two
kinds of cutting elements in the arrangement corre-
sponding to the working sequence, namely cutting ¢le-
ments 6 behind cutting elements 5.

FIGS. 12, 13, 14 show arrangements which consist of
a combination of the cutting edges 25, 26, 27, as illus-
trated in FIGS. 9, 10, 11, with the cutting edges 3 and &
from FIG. 4. Thus the cooperation of the straight set
and obliquely set cutting elements 5, 6 is also possible
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&
when the cutting elements are disposed partially to-
gether, partially separately on the cutting edges.
In the rotary drill bit illustrated in FIG. 15, in con-

trast to FIG. 1, the cutting elements 5, § are disposed
distributed over the surface of the bit. In this case, the

cutting clements are constructed in the form of modules
28 and are each provided with outlets 29 for the flush-
ing liquid associated with the cutting faces. As used in
the appended claims, the term “horizontal” refers to
any plane perpendicular to the axis of rotation of the
drill bit.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as
follows:

1. A rotary drill bit comprising a threaded pin for a
connection to a drilling string or the like rotary drive,
and a head provided with groups of cutting elements,
each of which comprises a plane cutting face, consisting
of a polycrystalline sinitered diamond layer secured to a
supporting member, which groups extend radially from

‘the marginal region of the head into its ceniral region,

and in which at least two groups of cutting elements
differ with regard to the setting angle of the cutting
faces to the direction of cut such that a horizontal line
lying in the cutting faces of straight set cutting elements
in one group lies substantially at right angles to the
direction of cut while a horizontal line lying in the
cutting faces of obliquely set cutting elements in the
other group lies at an acute angle to the direction of cut,
sO as to face outward of the bit.

2. A rotary drill bit as claimed in claim 1, in which the
obliquely set cutting elements are disposed in relation to
the straight set cutting elements so that their cutting
regions at least partially overlap.

3. A rotary drill bit as claimed in claim 2, in which a
plurality of obliquely set cutting elements are disposed
within the particular cutting ranges of the straight set
cutfing elements.

4. A rotary drill bit as claimed in claim 3, in which
each cutting edge comprises siraight set and obliquely
set cutting elements.

5. A rotary drill bit as claimed in claim 4, in which
straight set cutting elements and obliquely set cutting
elements, which are graduated radially alternately are
disposed on each cuiting edge from the marginal region
to the central region of the bit head.

6. A rotary drill bit as claimed in claim 5, in which
both kinds of cutting element are disposed side by side.

7. A rotary drill bit as claimed in claim 8, in which the
obliquely set cutting elements are circumierentially
offset relative to the straight set cutting elements.

8. A rotary drill bit as claimed in claim 1, in which the
cutting elements are staggered with regard to their
setting angle of the cutting faces to the cutting direction
and the cutting regions of the cutting elements with a
very small setting angle lie within the cutting regions of
following cutting elements with a larger setting angle.

9. A rotary drill bit as claimed in claim 8, in which the
cutting elements are combined in groups in the form of
rows or strips, as cutting edges.

i, A rotary drill bit as claimed in claim 9, in which
alternately, one cutting edge comprises straight set cut-
ting elements and an adjacent cutting edge comprises
obliquely set cutting elements.

11. A rotary drill bit as claimed in claim 19, in which
the straight set cutting elements are disposed staggered
in relation to the cutting lines of the obliquely set cui-
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ting elements with regard to the cutting lines described
thereby.

12. A rotary drill bit as claimed in claim 10, in which
nozzles for flushing liquid are disposed in front of the
cutting edges in the direction of rotation of the bit,
which nozzles communicate with a central bore in the
interior of the bit, the outlet mouths of the nozzles allo-
cated to the obliquely set cutting elements being so
directed and composed that a substantially tangential
directional component in the direction of rotation

d
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counter to the bit is impressed on the flushing jet, and
the outlet mouths of the nozzles allocated to the straight
set cutting elements being so directed and composed
that a substantially radial outwardly directed compo-
nent is impressed on the flushing jet.

13. A rotary drill bit as claimed in claim 1, in which
the cutting elements are disposed staggered radially in
relation to similar cutting elements on adjacent cutting

edges with regard to their orientation.
* & & & @
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